Citation: Bougiouklis Dimitrios, Patsiaouras Thomas. Differences in Sagittal Balance in Patients with and without Degenerative Spondylolisthesis Who are Surgically Treated for Spinal Stenosis. A Comparative Study. Journal of Spine Research and Surgery 2 (2020): 007-016. Abstract Introduction: In pathogenesis of degenerative spondylolisthesis (DS) and its development, several predisposing factors have been advocated. However, the role of lumbar sagittal alignment has not been well studied yet. The purpose of this retrospective study was to analyze the sagittal spinopelvic alignment and to compare these parameters between patients with and without degenerative spondylolisthesis who were surgically treated for lumbar spinal stenosis. Materials and Methods: Between 2008-2018, we studied 68 patients who underwent surgery for lumbar spinal canal stenosis. 34 of these patients, suffered by DS (group 1), and the other 34, age-and gendermatched patients, not presented DS (group 2). Surgical treatment was realized after six months of unsuccessful conservative treatment. Spinopelvic parameters including pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT), L4 slope, L5 slope, thoracic kyphosis (TK), lumbar lordosis (LL), segmental lumbar lordosis (SLL)
group 2, and PI had positive correlation with % slip (p<0.05). The SLL of patients with DS was significantly lower than those without DS. In the group 1, there was a strong correlation between the PI and the SS (p<0.001), rather than with the PT (p<0.01). Between the two groups there was no significant difference in PT.
Conclusions:
In patients with degenerative spondylolisthesis, PI was significantly greater than that in patients without DS and PI had positive correlation with the percentage of slippage. Greater PI turns to be a predisposing factor to the development and the four types of spinopelvic sagittal alignment [8] . In this classification type IV is characterized by a high pelvic incidence and sacral slope, associated with an important lumbar lordosis. In this type, S1 endplate orientation is relatively vertical, which could represent a predisposing factor for slippage of lumbar vertebrae. The purpose of this retrospective study was to analyze the sagittal spinopelvic alignment and to compare these parameters between patients with and without degenerative spondylolisthesis who were surgically treated for lumbar spinal stenosis. 
Materials and Methods

Spinopelvic parameters
Spinopelvic parameters were measured on preoperative lateral lumbar x-rays using a standardized procedure. 
Statistical analysis
All data were expressed as the mean ± standard deviation. Overall differences of sagittal spinopelvic parameters between the two groups were statistically analyzed. Student's t-test was used to compare each parameter between the group 1 and group 2.
Furthermore, Pearson correlation coefficient was used to determine correlations among the spinopelvic parameters and between PI and % slip. To minimize individual variations, spinopelvic parameters/PI ratios were assessed and compared between the two groups.
Statistical p-values less than 0.05 were considered statistically significant.
Results
There were significant differences in PI, SS, SLL between the two groups. The PI of group 1 (patients with degenerative spondylolisthesis) (56.9 ± 10.5°) was significantly greater than that of group 2 (patients without degenerative spondylolisthesis (49.1 ± 9.3°).
The SS of group 1 (33.8 ± 9.5°) were also significantly greater than the one of group 2 (27.8 ± 6.3°). There was no significant difference in PT (23.1 ± 5° vs. 21.9 ± 4.2°) and HAC7PL (15.1 ± 31 mm vs. 15.1 ± 29.5°) ( Figure 4 ). There were significant differences in segmental lordosis L4/S1 between the two groups. The segmental lordosis of group 1 (19.5°) was significantly slower than the one of group 2 (24.8°) However, the segmental lordosis was significantly higher in patients with spondylolisthesis at the levels L1/L2 (4.5 o vs 3 o ) and L2/L3 (10 o vs 6.9 o ) ( Table 2 ). The L4/S1 segment is a hypermobile segment, the most common segmental instability, especially degenerative spondylolisthesis and/or stenosis lesion in DS and degenerative spinal stenosis pathology, and comprises most of the lumbar lordosis in the lumbar spine. In analysis of parameter/PI ratios, the SLL/PI ratio of group 1 (0.43 ± 0.5) was significantly lower than that of group 2 (0.61 ± 0.5).
The spinopelvic parameters stratified according to gender were also compared between the two groups. In In contrast, in the group without degenerative spondylolisthesis, PI was more strongly correlated with PT (p<0.001) than with SS (p<0.01).
Figure 4:
In contrast with PI (56.9 ± 10.5° vs. 49.1 ± 9.3°)) and SS (33.8 ± 9.5° vs. 27.8 ± 6.3°) which were significantly increased in group of patients with DS, PT was almost the same in both groups (23.1 ± 5° vs. 21.9 ± 4.2°). 
Discussion
There are several factors that may be responsible in the development of degenerative spondylolisthesis, such as gender, ligamentous hyperlaxity, hormones, pregnancy, orientation of the lumber facet joints and configuration of the lamina [11] [12] [13] . The spine sagittal balance represents an important tool in the management of lumbar degenerative disorders [14] . However, Actually, the slippage and the loss of lordosis lead to a sagittal anterior imbalance as demonstrated by anterior translation of the C7 plumbline [19] . In the DS patients, it is suggested that the limit of anterior displacement of the axis of gravity is succeeded by the pelvis retroversion which corresponds to rotation of the pelvis around the coxofemoral joints. This mechanism is secondary to the action of hip extensor muscles [20] .
Our results are in concordance with these affirmations.
We actually noticed that the degree of correlations among the spinopelvic parameters differed between the DS and non-DS groups: in patients with DS, there was a strong correlation between the pelvic incidence and the sacral slope rather than with the pelvic tilt.
Consequently, we may conclude that the sacral slope's increase is the main compensating factor to the presence of a greater pelvic incidence. In contrast we noticed that, in patients without DS, there was a strong correlation between the pelvic incidence and the pelvic tilt rather than with the sacral slope. Consequently, we may deduce that the retroversion of the pelvis turns to be the main compensating factor for a greater pelvic incidence. Actually, the sagittal imbalance of patients with degenerative lumbar stenosis but without slippage is caused by overall loss of lumbar lordosis and significant pelvic retroversion operated as a compensation mechanism [21] .
Conclusions
Patients with degenerative spondylolisthesis have a greater pelvic incidence, lower segmental lumbar lordosis/PI ratio and relatively high propensity for sagittal imbalance compared with degenerative spinal stenosis patients. That means that a high PI may be a predisposing factor to the development of DS.
Furthermore, there is a positive correlation between the pelvic incidence and the percentage of the slippage.
Patients with degenerative spondylolisthesis have a significant loss of segmental lordosis of the caudal lumbar spine, which is partially compensated by hyperextension in the upper lumbar spine and pelvis back tilt. The degree of the correlation among the spinopelvic parameters differ between patients with DS and patients without DS. In the first ones, there is a strong correlation between the PI and the SS, rather than with the PT.
